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The males of numerous coleopteran species exhibit "weapon traits" that are used to compete with rivals for females (Eberhard 1982； Kawano 2006 Emlen 2000 Emlen , 2008 . The size of these weapons typically varies among males, even among those within a single population (Emlen 2000; Kawano 2006; Kodric-Brown et al. 2006) . The mandibles of male stag beetles (Coleoptera, Lucanidae) are one of the most prominent examples of such a weapon trait in beetles and their presence has awed scientists and naturalists since the time of Darwin. As with other secondary sexual traits, mandible size varies markedly among males (Hosoya & Araya 2005; Kawano 2000 Kawano , 2006 Kodric-Brown et al. 2006) . This variation in mandible size is known to be primarily affected by differences in food availability (Gotoh et al. 2011) , because the mandible size has been shown to be strongly correlated with body size (Kawano 2000; Kodric-Brown et al. 2006) . This relationship between mandible size and body size (i.e. static allometry) is diverse among Lucanidae species (Kawano 2000) , and even among populations sharing same body size range (Fujita 2010) . One possible explanation of this phenomenon is the existence of genetic effects for determining relative mandible size over body size, probably arising from different selection pressures. However, few experimental studies have been conducted to date investigating the genetic effects of both absolute and relative mandible size in stag beetles. In this study, to determine whether genetic factors affect absolute mandible length and the static allometry between the mandibles and body size, the heritabilities for these two traits were estimated by half-sib analysis in the stag beetle Cyclommatus 4 metallifer (Boisduval, 1835) . Cyclommatus metallifer is a large, golden-metallic, stag beetle from Indonesia (Fujita 2010) . The species is easy to rear and maintain and has been used in a previous study on environmental effects on mandible length (Gotoh et al. 2011) . Several specimens belonging to a population of the subspecies C. m. finae (Mizunuma et Nagai, 1991) from Pelen Island in Indonesia (Fujita 2010) were purchased from Hercules-Hercules (Sapporo, Japan). These specimens were used to establish a population that has been maintained for six years in the laboratory. To estimate the heritability of focal trait values, a half-sib experiment was designed for this study (Falconer 1989) . Randomly selected males (n = 39) were assigned to at least two virgin females (dams). Breeding was facilitated by placing a male and a virgin female together in an 850 ml plastic container for approximately one week. Adults were fed a commercially produced beetle jelly (Za-Okuwa Co., Kawanishi, Japan).
After copulation, the females were transferred to another 850 ml plastic container containing approximately 600 ml of decaying wood flakes as a substrate (Quercus spp.; Kuwagata-mat, Hercules-Hercules). After one month, the females were removed (in total, 54 dams successfully laid eggs) and the eggs and larvae were kept in the plastic container under constant darkness at 24 ± 2°C until the second instar. Second-instar larvae were kept separately in small plastic containers to determine the exact timing of the second ecdysis, and third instar larvae within 3 days after molting were collected and transferred to a 120 ml plastic cup filled with decaying wood flakes. These plastic cups were then kept 5 under constant darkness at 25 ± 0.5°C until eclosion. As in the parent generation, all of the offspring produced by each female were reared until adult emergence under laboratory conditions, with all of the successfully eclosed sons (n = 157) used in the subsequent analysis. Sires and sons were fixed in freezer and then stored for being subjected to morphometric analysis. Prothorax width (indicator of body size) and mandible length (since there is little difference between right and left mandible sizes, only left mandible size was used) were measured to 0.01 mm using a digital slide caliper (Shinwa Rules, Niigata, Japan). Trait values of residual mandible length were defined as follows. First, a two-dimensional scatter plot of the logarithm of body size (X-axis) and the logarithm of mandible length (Y-axis) was constructed using morphometric data from all sires and sons (n = 196). Then, a regression line describing the average relationship between mandible length and body size for all of the sampled data was drawn in Excel (Microsoft, Redmond, WA). Residual mandible lengths were then calculated for all males as the difference between actual mandible length and expected mandible length predicted by the fitted line (Fig. 1) . Sire-son regressions were conducted to determine narrow-sense heritability (h 2 ), showing the ratio of additive genetic variance to total phenotypic variance (Falconer 1989) . Using this method, statistically significant regressions suggest the existence of heritable components to trait-value variation. Since our data were unbalanced (i.e.
number of ovipositing dams per sire and number of sons per dam were different among families), we applied linear mixed models to estimate heritability 6 (Visscher et al. 2008) . Heritability was estimated by twice the regression coefficient (Falconer 1989) . Fitting of the linear-mixed models were performed using the lme function in the nlme package in R (Pinheiro et al. 2011 ).
The regression was not significant for absolute mandible length ( Fig. 2 ; h 2 = 0.43 ± 0.25 (S.E), P = 0.0964), suggesting that sire mandible length had little effect on the mandible length of its sons. Considering the marked effect of nutrition on weapon size reported previously in this and other coleopteran species (Emlen 1994 , Moczek 1998 , Karino et al. 2004 , Gotoh et al. 2011 , this result could primarily be attributed to environmental effects rather than to a low additive genetic variance. Conversely, the regression was statistically significant for residual mandible length ( Fig. 3 ; h 2 ± S.E. = 0.57 ± 0.25, P = 0.0277). High estimate value of the regression slope indicates that the static allometry between body and mandible size possesses a large heritable genetic variance. It is thus possible that the diversity in static allometry observed within the Lucanidae is attributed to genetic differences among species or populations rather than differences in environmental conditions.
Generally in beetles with weapons, the weapon function in combat with rivals is largely dependent upon relative sizes between weapon and body rather than absolute sizes （Eberhard 1982; Moczek et al. 2002; Hongo 2003） . In addition, since possessing weapons could be costs (Emlen 2001) , appropriate resource allocation to weapons might be critical for their fitness (Moczek 2003; Pomfret & Knell 2008) . Ecological factors such as habitats, fighting behavior and population density which may affect the efficiency and cost of possessing weapon, is suggested to act as selective pressures that are different among the species or populations. In fact, using horned beetles (Scarabaeidae), Moczek et al. (2002) demonstrated that the distinct static allometry of horns over body size evolved rapidly in an Australian introduced population, while Emlen (1996) showed that artificial selection for residual horn length over several generations was sufficient to alter the static allometry. Considering these previous studies and our results, 
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The regression for the residual mandible length was significant (h 2 ± S.E. = 0.57 ± 0.25, P = 0.0277).
